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ABSTRACT 

Two issues of the Soloworks newsletter contain 
information about the Soloworks project, computer equipment, and the 
educational philosophy that underlies the student-controlled computer 
based approach to secondary school mathematics instruction* (JY) 
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December, 1975 



COMPUTER GRAPHICS AT SOLOWORKS 

We've been working with quite a variety of technology 
N;>at Soloworks^ some of it off-the-shelf, some of it specially 
developed. The five **big" winners so far (in terms of both 
''student interest and richness of content) are the RSTS 11/40 
system, computer graphics, computer music, the Frasca 
flight simulator, and computer robots. 



TKE MEGATEK GRAPHICS SYSTEM 

Among the various computer graphics systems now 
available, one of the most interesting is made by a com- 
pany called Megatek (1055 Shafter St. , San Diego, CA 92106). 




It's a winner 



on several counts: low cost, ease of programming, high reliability (100% 
for us), and a company that bends over backwards to help its custonriers. 
The graphs above were made on this system, as well as the other pictures 
shown at the top of the next page. 

The Megatek unit is the small box shown at the right side of the photo 
below. The version we're using connects with just two wires to any serial 
port on your computer (usually in parallel with a terminal which remains 
usable). There are other versions that slip into a slot inside your computer. 

The output is displayed on an oscilloscope with 
X-Y inputs. We've had lot's of fun "broadcast- 
ing" this picture all over our lab by simply fo- 
cusing a cheap TV camera on the oscilloscope 
screen and connecting the camera to low cost 
TV monitors. The picture at the top of this 
page shows one of these monitors sitting in 
our PDP-11 rack. For more examples of Meg- 
atek Graphics output, turn the page 




0 



G 



Frames 2 and 2 above show two snapshots of a many-bodied planetary 
motion program in action^ complete with a sun^ planets^ satellites j 
and comets. Frame 3 shows a space craft orbiting around a moon with 
non-'homogeneous mass (ala swiss cheese). Frame 4 is the classical 
trajectory problem with a few extra surprises ^ while frame 5 shows 
a swimming pool in which realistic multi-event meets are simulated. 



UPDATE FROM THE SOLOWORKS LAB 



We've had quite a few inquiries asking whether any Soloworks newsletters 
have been mailed since #27. The answer is no, mostly because our small (al- 
beit dedicated) staff has been swamped with many other tasks, ranging from the 
development of new curriculum ideas and new technology, to the running of a 
^'mini-school'* to find out what kind of work kids can do in such an environment. 
WeVe also had to economize by consolidating mailings of newsletters, since 
adding new staff to keep up with the growing demand isn't possible at this time. 




The three issues in this December mailing report 
on some of our work with the curriculum aspects of a 
computer-lab approach to mathematics, A sample cur- 
riculum module entitled "Art and Mathematical Struc- 
ture" will (probably) appear in Creative Computing in 
1976 (as a replacement for newsletter #34), while a be- 
ginning answer to the questiori "What next? " will appear 
in a later Creative Computing issue under the title "The 
Art of Education: Blueprint for a Renaissance" (Solo- 
works newsletter #35). 

SUMMARY OF NEWSLETTER MAILINGS 



1. 



Project Solo Newsletters ran from #1 to 22. These 
are now all out of print. Complementary materials 
can be found in the two books, A Guided Tour of Com- 



puter Programming in BASIC, and Computer Resource 
Book: Algebra . These can be order^dTdirectly from 
Houghton-MifTlin, One Beacon St., Boston, MA 02107. 

2. Soloworks Newsletter #23, 24, 25, 26, and 27 were 
mailed in 1974, and these are now out of print. 

3. Soloworks Newsletters #28," 29 and 30 were not printed in quantity 
since they appeared in other publications as follows: 
#28- -The Significance of Solo Mode Computing for Curriculum 

Design, EDU #13 (September, 1974). 
#29--Some Thoughts on Computers a^a Greatness in Teaching, 

SIGCUE Annual Computer Topics, (ACM, NY 10036, 1975). 
#30--Computers and the Romantic View of Education--Techno- 

logical Horizons in Education Vol. 1, No. 3. 
#31, 32, 33--are enclosed as our December 1975 mailing. 
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Photos above: Designing a paraboloid^ 
a computer controlled organ^ and part of 
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THE CASE FOES: A GENERATIVE CURRICULUM 



The word curriculum has traditionally meant a pre-determined struc- 
ture developed by »»experts^* for the universal benefit of large masses of 
students and their teachers. This turns out to be an idea of limited value 
simply because there is much more to learning than such an expert-to- 
teacher- to- student '^transmittal'* model takes into account. In particular, 
the use of '^experiential'* and "creative'* approaches to learning can mul- 
tiply the effectiveness of '^transmittal** techniques many fold. 

One way to describe our efforts at Soloworks is to say that we have 
been looking for good ways to sensitize students as good receivers. We 
have been working to develop environments where students will say (as 
one recently did), "I can't wait to take that course in the theory of how 
transistors work now that Vve used them to do so many neat things*'. 
That student is clearly ready to get a lot out of a fixed curriculum, even 
a mediocre one. 

But why accept mediocrity? The development of good ''receivers** 
means that the curriculum transmittal process can become a whole new 
ball game. It's no'w feasible to "transmit** more complex signals, some 
carrying very advanced information, because: 

(a) good receivers have the capability for selective tuning, 
that is, lots of local/personal adaptation and change, and 

(b) because a sensitive (creative) receiver can extract infor- 
mation from what might be a "noisy** signal for others. 

The curriculum modules we have developed at Soloworks hav.e been 
based on this viewpoint, and so some of them may appear to be advanced. 
But most are really quite accessible, if oi^^'s receptive powers have been 
enhanced by the chance to first do things with the ideas, especially on a 
computer. ^ 

Another way to make advanced id^eas accessible is to organize them in 
suqh a way that the beauty of the classical ideas from which they derive is 
more obvious. The scheme at the right represents one such organization. 
It can be thought of as a curriculum superstructure that ties computer lab 
work and theory together. However, it's meant to be a very flexible struc- 
ture. We expect that teachers and students will modify it (sometimes con- 
siderably), and that it's main function will be to set their sights high. 
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REPORT ON THE PDP 11/40 RSTS SYSTEM AND BASIC-PLUS 

We have been using this System now for a year and a half without a 
single day of down time ! And ^his is with a constant flow of users who 
bring the system up and down, modify it, mess with it, and ask it to do 
all kinds of wild things. BASIC -PLUSyCT5ntinues to inspire better and 
more sophisticated uses. All in all, it's an excellent product, with both 
the reliability and sophistication education deserves. 



NEW MAGAZINE™We recommend you take a look at BYTE, a 
magazine dedicated" to the "personal" computer movement. 
Subscriptions are7$12.00 from Green Publishing Inc , 
Peterborough, New Hampshire , 03458. 
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SAMPLE MODULE TOPICS 

The curriculum structure des- 
cribed ON pages 3 and ^ IS BASED ON 
THE AVAILABILITY OF MODULES WHICH 
CAN BE RE-ARRANGED IN VARIOUS WAYS, 

The PICTURES to the right are repro- 
ductions OF THE COVERS OF SOME OF THE 

modules we have developed at soloworks, 
Since most of these modules are rather 

LONG (and also BECAUSE THEY ARE EXPER- 
IMENTAL) WE ARE UNABLE TO PRINT THEM 
IN QUANTITY FOR DISTRIBUTION. If ANY 
KIND OF ARRANGEMENT CAN BE MADE FOR 
DISTRIBUTION WE'LL LET YOU KNOW. 
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Example! of a Computer-Related'* Math Curriculum 



Sample Course Units \^ 



Classical Ideas Related Curriculum Modules 



11 



THE PREP SERIES 

Al A Whirlwlr.d Tour of Computer Prograruain? 

A2 Profefsion«l Secrets of Exact Arithnct^c 

A3 Conputer Arithaoticr Absolute and RoUtlvo Error 

A4 ProfessionaX Secrets of Approxiraato Arithnctic 

AS Keyond Arithaetic: A Soloworks Saraplor 

THE COMPUTER LAB SERIES 

CI Computers, Algorlth&s. and Cane Theory 

C2 Cooputer Graphics 

C3 The Power of Algebra: ninltc Algorithns 

C4 Iteration; Infinite Algorlthns 

C5 Craphing Kulti^Valued Functions; Arrays: Sorting 

BC( Data Structures: Trees. Stacks, Queues 

CC7 Recursive Prograixaing 

CCI Cooiputer Organization 

EC9 Compilers arvd Interpreters 

CCIO Systeas Prograjoaing 

THE DYNAMICS LAB SERIES 

Dl Ceoaetry, Time, and Motion 

D2 Integrating Machines 

D3 Conquest of the Sky: VTR Flight' 

D4 On Solid Instruments: IFR Plight 

05 Moon Landing 

ED6 nights of Fancy: N-Trek 

ZD! Flights into Space: Orbital Motion 

BDl Plights of the Hindi Katheaatical Spaces 

£09 Plights of Invention: Creating New Worlds 

EOlO The Theory of Relati<fity 



Progr^-vimg 
VarictbXod 
Operator^ 
Arithmetic 
Error Anal> sis 
Nujnber Theory 
Distributive i 

Associative^ I^^a 
Spiral 

Currxculua 



Algorithras 
Coordinate 

Cconetry 
Polynonials 
Linear fc Q'jad Lq. 
Linear Systems 
Nonlinear Eq. 
Iteration; Roots 
Matrices 
Order Relations 
Post-Fix Arith' 
Simulation 
Recursion 
Polar Coord- 
Computer 

Literacy 
Languages 
Operating 

Systems 



Distance 
Metric Spaces 
Integral 

Calculus 
Kinenatics 
Vectors 
Tr-igononetry 
Anal. Geometry 
Differential 

Calculus 
Diff. Tables 
Pile Structures 
Kepler 's 

Laws 
EucUd 
Descartes 
Lobachevsky 
Rienann 
Einstein 

Lobo«gje,hJ-lft**rt 



A Whirlwind Tour of BASIC 

A Guided Tour of BASIC : BASIC -PLUS Tutorials 

Intense Addition: Ir.tense MultipX ication , Forei-jn Currency Conversion Prog. 
•Grouping Tricks.-Inverso Tricks j.Metric Conversion 

Supermarket EstimAtion.A Home Accounting System 

How Wrong Is Wrong?:Multiplc Precision Aritlinetic 

Fantastic Fractions. Rational Approximation 
•Impossible Problems Made Possible 
•Computer Lab PreviewjDynamics Lab i>reviow 

•Synthesis Lab Preview: Modeling Lab Preview;Critical Path Analysls:I 



.NIM;Voctor Race; Horse RacerCrazy Eights, Tennis; Star-Trek; 

Submarine; Baseball .-Basketball J Footbal I ;*Swlm,'aing: Bowling 

Simple Teletype Craphics;Plotters;Polynomial Plot$: 

Horner's Algorithm: 'Budget CRT Graphics; 'T.he Megatek System 

Linear SysterasjGauss 2jGauss 3. Gauss NjQuadratlc Solver, 

Quadratic Coding; CCD; Primes; The Big EarjCowputer Design of Paraboloids 

Root-Finding;Binary Search. Convergence Tostsi *Sec#nt Method 

Synthetic OivisionrNewton' s .Method :Dwycr's Mothod:Finding Derivatives 

Picture ArraysrParametric Equations 

Sorting TricksjLissajous FiguresrPolar Plots ^ 

Enumeration Problems: Reverse Engl Ish. Polish Notation 
•MobilosrCircular Queues; 33 Flavors 

Factorials;GCD Revisited Recursively 
•Turtle GeomotryjCritical Path Analysis:II 

Sinulating A Coraputer;Machino Language 

Minicomp III;Coaputer Generated English,Ru jsian,Greo/C Alphabets 
How to Write a Compiler 
How to Write «n Interpreter 

Hailbag;System Accounting;A File Formating System, 

Interactive Editors: Report ■Generators:Coraputer Generated Ditto Masters 



•From Euclid to Newton to Einstein 

Bounce Aniraa»'ion;Basketball Trajectory ;Evel Knievel 

Mechanical Intcgrators;Analog Integators 
•Digital Integrators; 3 A/D, 0/A Lab Projects 

Principles of Flight 

How to Fly en Airplane 
•How to Navigate an Airplane 
♦Instrument Landing Systems 

1- D Lunar; •Difference Equations 

2- D Lunar; •Fancy Lunar 
Star-Tre>c:Space Ship Gamma 
N-Trek 

•Satellite Orbits 
Space War 

•Cuclidean Spaco;V<ctor Spaces 

•Finite Aostract Spacos 

•Infinite Abstract Spac«s 

♦Function Spaces: Functional V.ilysin 



THE SYNTHESIS LAB 3ERILS 

SI The Katheitatics of Orchestration 

S3 Music in the Air: Pip«s and Strings 

S3 Electronic Music: Synthesizers and Filters 

84 Stereo Systeas: Desian and Measurenent 

S5 Ouedraphonic Sour^j Codtr' Decoding 

CSC Hulti-Media Worlds; The - / ot Projection 

ES7 Abstract Orchestrations: Mather^tical Approximation 

ESI Functions and Trans foraiat ions 

t39 The Oe-0rc.*iestration Problem; Statistical ^vrialysis 

CSIO Cryptography 

THk HODELIKC LAB SERIES 

Ml Single Equation Models 

K3 Logical t4od«ls; Truth Tables 

H3 Systeas of Equations; Relaxation Hetr^i 

H4 Grephs, Networks, and Boundary Value Hodoli 

MS Analog and Hybrid Models 

K( Dynaaic Models: Systeas of Differentia! Equations 

CM? Geoaetric Models; Crystallography 

CMS Finite Stawe Models 

ZH9 Statistical Model* 

KMIO Adaptive Models; Optiaization 

CKll Feedback Hodele; Cybernetics 



Step Functio' » 
Fractions 
Randoo Nurlitrs. 
System Design 
Binary Codes 
Herponic Seriy 
Fourier Series 
Wave Geometry 
Logarithms 
Matrices 
Information 
Theory 

Geometric Optir 

Fractions 

Weiorstrass 

Tchebych*?f 

Topology 

Probabi lity 

Keightcsi Data 

Ferautatiofi^ 

Statistics 



CH13 Modele of Intelligence 



ERIC 



i-Node Models 
reotive Models; Coaputer Anlaatlon 



Interpolation 

Punctionis 

Boolean Alg. 

Ntimbor Ba^eft 

Partial t>^it.t^'>. 

Green*s Functio- 

Matrix Polyn. 

Relaxation '^t^di. 

Digital Design 

Abstract Spicv> 

Perturbations 

Coupled D.r. 

Plane Geor^tr/ 

Solid Geonvtry 

Automate 

F'sychology 

Statistics 

Sociology 

Linear Prog, 

Gradient Mthda. 

Coaplex Kos. 

Maze Algorithms 

Natural 
Language 

Mathematics 
Applied to 
Mon*^eterain- 
istic systeas 



Computer Representation of Synchronized Evonts 
A Music Compiler, Editor, and FiU System 
Computer Composition of MusiciRounds and Harmony 
How to Build an Orchestra- to Conputer Interface 

•How to Build Computer Controlled Instruments 

•The Natural Richness of Natural Music 
Synthetic Music and the Forraant Theory 

•The Secrets of Professional Stereo 

•Fine Tuning Your Stereo: The Power of Measurement 

•Four into Twoi Matrix Coding . 

•Two into Four: Matrix Decoding 
Computer Control of Multi-Modie Technology 

•Lenses, Mirrors, and Pictures Made of Light; 'Laser Geometry 
Continued FractionsiPolynomial Interpolation 
Mini-Max Approxinations;Faraous infinite 5erie* 

•Relations and Functions 

•Mappings and Transformations 

•Predicting Football Score*, Elections, And 
Other Logic-Defying Events 
Enciphering with the One Time Pad 

•The Deciphering Problem 



Linear and Nonlinear Prodictord 
Policy Models ;Conf lie t Hodels 

Digital Logic; 3 Ub Exercises in Digital Interfacing 
•Macro-Micro Logic 
Kirchoff ModelsiTho Dirichlet Problo.-n 
Random Walk Models 
Coe^aunlcation Networks 

PDEiNonlinear-Networks; Relaxation ^*«thod^* 

•Multi-Screen Multi-Ti&rninal Systirns; •How to use TV with Computer* 
•Low-Cost Color Graphics for Minicor^puter* 
•Advanced Orbital Mathematics 
•Inside Flight Simuiators 
•Snowf lakes 

•Crystellino Architectur** 

Finite State Automata 

Models of Behavior 

Monte Carlo Models 
•Data Based Models 

•Mathematical Prograi^ingiDynanic Frograiv.incf . 
•Optimal Seeking Metnods 
•Feedback Control 
•Robots 

Artificial InteiligenceiSewantic Sets 
Coaputer Prograas that LearniHex 1 O 

Anthropological Models JL ^ 

Siaulation'CaBa s; ' fc r AA ogical Models 
An Interactive Nonlinear-Network Model 
•Advanced Coaputer Graphics 



